CoreEvolutioninthelcy Galilean Satellites, and the Prospectsfor Dynamo-
generated Magnetic Fields

William B. McKinnon (Dept EPSc, Wash Univ)

The apparent discovery of a dynamo-generated magnetic field at Ganymede
by Galileo prompts a more detailed examination of the internal evolution of the
cores of theicy Galileans. For Ganymede, thermal evolution of a core, based
on the structural models in Mueller and McKinnon (1988, Icarus 76), predicts
radiogenic heating to well in excess of the Fe-S eutectic temperature (~1200-
1250 K at core pressures; Fei and Bertka 1996, LPSC XXVII) by about 1 b.y.
after core formation. The amount of sulfur is aso plausibly large, based on
chondritic abundances S/(Fe + S) ~25 wt%, close to the eutectic composition
at inner core pressures (~20.5 wt%). The formation of an initially liquid inner
Fe-(Ni)-S core, possibly in excess of 1000 kmin radius, should not be hindered
by the "wetting angle" problem, both due to the large volume percent of melt
likely and the relatively high fO2 expected (Gaetani and Grove 1996, LPSC
XXVII). Over solar system history this core cools and solid-state convection
in the silicate outer mantle ceases. At some point inner core freezing should
begin. Significantly, however, it is very difficult to find a set of parameters
that allow inner core temperatures to drop below the eutectic temperature (e.g.,
extreme concentration of radionuclides at the core-mantle boundary dueto core
volcanism). Thus the inner core should be freezing at present (within ~200 K
of the eutectic), and it is the chemical buoyancy of this processthat may lead to
dynamo action. If the sulfur content is low, then freezing of an iron innermost
core would presumably mirror the terrestrial situation. Higher sulfur contents
allow an interesting possibility: FeS may precipitate at the satellite center
and rise buoyantly to remelt at higher levels and/or similarly iron may rain
out from the top of the inner core; this "precipitation engine" may effectively
drive a dynamo. The prospects for radiogenic heating preventing complete
solidification of Europa’s inner core are marginal (simply due to the core's
smaller size), but tidal heating may have stabilized core temperatures there and
allow aweak dynamo driven by thermal buoyancy. Callisto’s core, if it exists,
issimilar in sizeto Europa’s, but is not tidally heated. This research supported
by NASA grant NAGW-432.

Abstract submitted for 1996 DPS meeting

Date submitted: LPI electronic form version 5/96

| Division for Planetary Sciences Abstract Form |

DPS Category 14 Running #7489 Session 0.00

Invited [ |  Poster presentation Titleonly [ ]

Have you received your Ph.D. since the last DPS meeting?
Yes [] No []

Is your abstract newsworthy, and if so, would you be willing to prepare a news
release and be available for interviews with reporters?

Yes No [ ] Maybe [ |

Paper presented by William B. McKinnon
Dept. EPSc - Campus Box 1169
Washington Univ.
One Brookings Dr.
St. LouisMO 63130 USA
Phone: 314-935-5604
Fax: 314-935-7361
Email: mckinnon@wunder.wustl.edu

Special instructions: Tue Aug 27 16:47:29 CDT 1996 Tue Aug 27 16:59:34
CDT 1996

Membership Status (First Author):
DPS-AAS Member Non-Member [ |

Student Member [ |  Student Non-Member | |

No [ ]

Isthis your first DPS presentation? Yes |:|

Sponsor:



